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1 Abbreviations 
AACB: Australasian Association of Clinical Biochemists 
ASVCP: American Society for Veterinary Clinical Pathology  
EQA: External quality assessment 
FVH: Fachtierarzt/-ärztin 
GST: Association of Swiss veterinarians (Gesellschaft Schweizer Tierärztinnen und 
Tierärzte) 
IQC: Internal quality control 
MHRA: Medicines and Healthcare Products Regulatory Agency 
POC: Point-of-Care 
POCA: Point-of-Care analyzer 
POCT: Point-of-Care testing 
QA: Quality assurance 
QC: Quality control 
QCM: Quality control material 
QM: Quality management 
RI: Reference intervals 
SOP: Standard operating procedures 
SVVLD: Schweizerische Vereinigung für Veterinär-Labordiagnostiker 
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2 Abstract 
The extent to which Swiss veterinary practitioners follow the guidelines for quality 
assurance of the American Society for Veterinary Clinical Pathology for point-of-care 
(POC) testing is unknown. Thus, the aim of this study was to assess the availability, 
application, and quality management of POC analyzers in Swiss veterinary 
practices/clinics. An online questionnaire on laboratory equipment, quality 
management, and biosafety, was created, which all members of the Society of Swiss 
Veterinarians were invited to complete. In total, 192 clinics/practices participated, of 
which 69% had automated POC analyzers. Sample analyses and equipment 
maintenance were mostly performed by veterinary technicians (81% and 68%). 
Reference intervals were adopted from manufacturers (80%) or literature (17%). The 
results showed that most participants perform basic internal quality control (chemistry: 
75%; hematology: 86%), and many use at least two levels of quality control material 
(47%–48%). Only three clinics/practices reported participation in an external quality 
assessment program. In conclusion, POC analyzers are widely available in Swiss 
veterinary clinics/practices, and internal quality control is performed to some extent. 
However, quality assessment and management and biosafety awareness and 
measures need to be improved, ideally with the support of clinical pathologists. 
 
Keywords: biosafety; diagnostic testing; point-of-care analyzers; quality assurance; 
quality control 
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3 Zusammenfassung 
Es ist nicht bekannt, inwiefern sich Schweizer Tierärzte bei der Qualitätssicherung 
ihrer Laborgeräten an die Guidelines der American Society for Veterinary Clinical 
Pathology halten. Das Ziel dieser Studie war, den Status quo der Verbreitung, 
Anwendung und des Qualitätsmanagements (QM) der point-of-care (POC) 
Laborgeräten in Schweizer Tierarztpraxen zu eruieren. Alle Mitglieder der 
Gesellschaft Schweizer Tierärztinnen und Tierärzte wurden angehalten, an einer 
Umfrage über Laborausstattung, QM und Biosicherheit teilzunehmen. Insgesamt 
nahmen 192 Kliniken/Praxen teil; 69% besassen automatisierte Geräte. Tierärztliche 
Praxisassistentinnen waren meist für Analysen (81%) und Wartung (68%) zuständig. 
Referenzintervalle wurden vom Hersteller (80%) oder aus der Literatur (17%) 
übernommen. Interne Qualitätskontrollen (IQC) wurden meist auf Geräten für 
klinische Chemie (75%) oder Hämatologie (86%) durchgeführt, wobei fast die Hälfte 
der Teilnehmer Kontrollmaterialien mit zwei oder mehr unterschiedlichen 
Konzentrationen verwendeten (48 und 47%). Nur drei Teilnehmer nahmen an 
offiziellen Ringversuchen teil.  
POC Geräte sind in der Schweiz weit verbreitet, das Verständnis und die Umsetzung 
von QM, Qualitätssicherung und Biosicherheit müssen jedoch weiter gefördert 
werden. Idealerweise werden klinische Pathologen als Experten hinzugezogen. 
 
Schlüsselwörter: Qualitätsmanagement, Point-of-Care Geräte, Diagnostik, 
Biosicherheit 
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4 Introduction 
The constant invention and improvement of laboratory equipment has led to the 
development of a wide selection of complex analyzers for point-of-care (POC) testing. 
Veterinarians are increasingly offering extensive and versatile on-the-spot clinical 
diagnostics, and in-clinic testing is gradually overtaking the use of central laboratories 
for routine diagnostics. POC testing has some advantages, such as shorter intervals 
between sample collection, greater availability of the results, and the faster 
implementation of therapy. The American Society for Veterinary Clinical Pathology 
(ASVCP) also lists smaller sample volumes, enhanced patient monitoring, shortened 
hospital stays and independence from laboratory opening hours as potential 
advantages of POC testing.4 Evidently, veterinarians need to be able to rely on the 
results from their in-clinic analyzers to prevent misdiagnosis and mistreatment. 
Quality in-house laboratory medicine is advertised by many manufacturers; however, 
when scrutinized closely, the accuracy and precision of POC analyzers are, in fact, 
rarely adequately tested6, and their performance, if trialed, can be moderate to 
questionable.18,19  
External quality assessment and internal quality control are important components of 
quality management in laboratory medicine. Internal quality control makes use of 
control material of known concentrations, which is measured on-site at 
predetermined intervals with established limits for acceptable results. External quality 
assessment (also known as proficiency testing) is organized by an outside party and 
entails the comparison of numerous instruments using the same method. In human, 
but not in veterinary medicine, there are statutory regulations concerning quality 
assessment and quality control and the qualifications of the staff performing POC 
testing. Veterinary practitioners are currently free to make diagnostic decisions based 
on test values without validation of the results from analyzers which have not been 
maintained or controlled, and the personnel does not need specific laboratory 
training.17 In 2002, it was reported that veterinary medicine had come a long way, 
e.g., in terms of surgical techniques or therapeutic procedures; however, the 
development of quality control and assessment for veterinary laboratory testing had 
been widely neglected. Accordingly, it was remarked, “It’s time for in-house quality 
assurance”.16 Over 15 years later, however, this remains a major issue that still 
needs to be solved, according to several more recent studies.6,9 
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The ASVCP has set up guidelines for quality management, which outline minimal 
standards for POC laboratories regarding the implementation and frequency of 
maintenance, quality control, and assessment as well as recommendations for non-
statistical quality control (e.g., a manual blood count to verify automatized results).4 
However, only a minority of the practices follow these guidelines.6 Possible reasons 
for this finding are the scarcity of the topic in veterinary curricula,4 the failure of 
manufacturers to emphasize the importance of quality management,14 and the 
veterinary practitioners’ apparent unawareness of how to enforce effective protocols. 
Moreover, the quality control and assessment of POC analyzers are cost-intensive, 
increasing the expenses of the analyses. 
Manufacturers of POC instruments have significantly reduced the chances of errors 
in the analytical and post-analytical phases of POC testing through comprehensive 
improvements of the devices,11 such as the development of internal quality control 
mechanisms and electronic transfer of data.12 Nonetheless, it is still crucial to 
increase the awareness of veterinary practitioners to ensure higher POC testing 
quality. Additionally, clinical pathologists, as experts on the subject, should be 
consulted for guidance concerning the quality of laboratory medicine.8 The results 
from a survey of human POC facilities in Norway, where a governmental quality 
management program had already been implemented, showed that feedback and 
guidance from a designated outside party were appreciated by the practitioners and 
that interest and awareness were generally enhanced.20 Following examples in the 
United States, where laboratories are able to get accreditation for fulfilling certain 
quality standards (e.g., those of the American Animal Hospital Association, AAHA), 
the possibility of acquiring a certificate of the SVVLD (Swiss Association of Veterinary 
Laboratory Diagnostics) and/or GST (Society of Swiss Veterinarians) could lend 
further motivation to upgrade quality management of POC testing in Swiss veterinary 
clinics and practices. 
The aim of this study was to assess the current situation in Swiss veterinary facilities 
with POC laboratories using an online survey. Points of interest were the types of 
analyzers used and their providers, the qualification of the personnel conducting 
diagnostic tests, the handling of equipment maintenance as well as biosafety 
precautions, and the running of quality assessment and control. It was hypothesized 
that there would be a discrepancy between what is professed in the ASVCP 
guidelines and the current situation in veterinary in-clinic laboratories in Switzerland.   
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5 Materials and Methods 
5.1 Subject Group 
In order to test the hypothesis, a questionnaire was created and made available to all 
members of the Society of Swiss Veterinarians (GST). All kinds of veterinary clinics 
and practices using POC analyzers were included in the survey.  
 
5.2 Questionnaire 
A questionnaire with 24 questions (Appendix 1) grouped into four subtopics, i.e., 
demographics, laboratory equipment, quality management, and biosafety, was 
developed in German, tested on a group of volunteer veterinarians, translated into 
French and Italian, and then made available online from September to November 
2017 via an online survey provider.13 The multiple-choice questionnaire was filled out 
anonymously, and participants could skip questions or fill in individual remarks if their 
preferred answer was not provided. It was possible to temporarily abandon the 
questionnaire and then resume it later from the same position.  
Demographic inquiries included questions about the type of clinic/practice, as well as 
the type of veterinarians who work there (e.g., with Federatio Veterinariorum 
Helveticorum, FVH, GST specialization title; Fachtierarzt/Fachtierärztin or college 
diplomat). Since the term “clinic” is not protected in Switzerland, the designation may 
be made by the respective establishments. Questions about laboratory equipment 
evaluated details regarding the types of instruments used, the distributors or 
manufacturers, instrument handling (e.g., maintenance), and the personnel 
responsible for laboratory diagnostic procedures; questions regarding quality 
management were focused on internal quality control and external quality 
assessment as well as non-statistical quality control; biosafety questions concerned 
matters of hygiene and biosafety.  
 
5.3 Descriptive statistics 
Results were collected online13 and exported to Excel (Microsoft Excel mac 2011) at 
the end of the three-month survey period. The collected data were analyzed in an 
exclusively descriptive manner. If a question allowed for multiple answers, the results 
were described in fractions but not percentages, since the total would otherwise 
exceed 100%. Participants who did not provide answers beyond the demographic 
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questions were excluded from further analyses. Answers were excluded from 
calculations if they were contradictory. If two coinciding answers were given, e.g., 
reporting the use of two, as well as three, levels of quality control material, the 
highest value was chosen for the calculations, since the author concluded that the 
use of three levels inevitably also included the use of two levels of material.  
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6 Results 
6.1 Demographics 
The number of participants completing questions gradually diminished throughout the 
questionnaire, since partakers either skipped questions or quit the survey altogether. 
Other participants were forwarded to the section concerning biosafety and hygiene 
management because they did not own automatized laboratory analyzers. Around 
30% (222) of the estimated 720 contacted practices visited the online questionnaire, 
although this count also includes individuals who clicked to start the survey but did 
not answer any of the questions. In total, the answers of 192 participants were 
included, but the number of responses for each question varied considerably 
(between 87 and 192 answers; Table 1).  
Over two-thirds of the veterinary facilities surveyed were either small- or mixed-
animal practices (137/192, 71.5%). Veterinarians with a certified specialization 
(diplomate status and/or FVH title) were present at 30% (57/189) of the sites.  
  
Table 1: Demographic information of the veterinary clinics/practices participating in 
the online survey on point-of-care testing. 
 Number (%) 
Language of Questionnaire (n = 192) 
 German 157 (81.8) 
French 31 (16.1) 
Italian 4 (2.1) 
Type of Clinic (n = 192) 
 Small Animal Clinic 23 (12) 
Small Animal Practice 84 (43.8) 
Livestock Clinic 5 (2.6) 
Livestock Practice 7 (3.6) 
Horse Clinic 4 (2.1) 
Horse Practice 3 (1.6) 
Mixed Clinic 9 (4.7) 
Mixed Practice 53 (27.6) 
Other  4 (2.1) 
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Cases (n = 191) 
 Referral 9 (4.7) 
Primary 174 (91.1) 
Both 6 (3.1) 
Others 2 (1) 
Specialization of Veterinarians (n = 
189) 
 American or European College 10 (5.3) 
FVH Title 37 (19.6) 
Both 10 (5.3) 
Other 20 (10.6) 
No Specialization 112 (59.3) 
 
6.2 Analyzers and personnel 
The majority (133/192; 69%) of the participants reported access to automatized POC 
laboratory equipment; this included analyzers for clinical chemistry (99%) and 
hematology (86%), while instruments for coagulation (12%) and blood gas analyses 
(9%) were less common. Urinalysis was performed in 87% of the practices. Most 
practices reported conducting ≤20 analyses per week in clinical chemistry (95%), 
hematology (95%), and urinalysis (93%), and ≤5 tests in coagulation and blood gas 
analysis (90%). 
Mostly, veterinary technicians were reported to be responsible for blood sample 
analyses (108/133) as well as equipment maintenance (88/129). Another question 
inquired about the division of responsibilities—only 6% of the participants (8/132) 
stated they had designated laboratory personnel who were primarily occupied with 
laboratory diagnostic work. The majority of the participants (79/122) stated that 
instrument maintenance was performed at least once a month. Since maintenance 
frequency can vary between different types of instruments, multiple answers were 
allowed. Individual answers such as “according to the manufacturer’s instructions” or 
“whenever needed” gave no information on the frequency and were not included in 
the calculations.  
Most of the participants reported that their manufacturers provide various support 
services (108/114; 95%). A telephone helpline was used by 85% of respondents 
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(97/114). Most participants stated that they use technical support on-site (76%, 
87/114), and 65% (68/114) reported using the quality control material supplied by 
their manufacturer for internal quality control. In 30% (34/114) of the practices/clinics, 
staff members had visited at least one instrument training session for their POC 
analyzer that was provided by the manufacturer. Idexx Laboratories analyzers were 
reported to be the most commonly used instruments by the participants for all 
diagnostic areas (Table 2). 
Features for security measures have been integrated, by design, into many analyzers 
to reduce the occurrence of pre-analytical, analytical, and post-analytical errors. 
According to the participants, the most commonly used features are the electronic 
transfer of results for clinical chemistry and hematology instruments (65%) and the 
mandatory insertion of patient information prior to testing (64%). 
 
Table 2. Characteristics of point-of-care analyzers used by the participants of the 
survey. 
Analyzers Number 
Clinical Chemistry 
Idexx Catalyst 33 
Idexx Vettest 22 
Idexx Unspecified 7 
Abaxis Vetscan 20 
Fuji Dri Chem 14 
Arkray Spotchem 2 
Other 13 
Total 111 
Hematology 
Idexx Lasercyte 18 
Idexx Procyte 17 
Idexx QBC 5 
Idexx Unspecified 9 
Scil vet Vet ABC 21 
Sysmex PocH 100i 3 
Other 15 
Total 88 
Urine analysis 
Idexx Sedivue 1 
Idexx UA Analyzer 1 
Arkray urine analyzer 1 
Siemens unspecified 1 
Henry schein OneStepPlus 1 
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Arkray Aution Hybrid  1 
Unspecified 11 
Total 17 
Coagulation 
Idexx Coag Dx 2 
Idexx Unspecified 4 
Abbott iStat 1 
Total 7 
Blood gas analysis 
Idexx VetStat 4 
Idexx Unspecified 4 
Abbott iStat 3 
Siemens EPOC 1 
Total 12 
 
 
6.3 Standard operating procedures  
Standard operating procedures (SOP) were reported to be available in the 
participants’ clinics/practices for blood gas analysis (92%, 11/12), clinical chemistry 
(89%, 117/131), hematology (89%, 102/115), and coagulation (88%, 14/16). They 
were less commonly available for urinalysis (68%, 78/115).  
 
6.4 Reference intervals 
Reference intervals were most often adopted from manufacturers (88/110), and/or to 
a lesser extent, extrapolated from the literature (19/110). There were a few 
participants (23/110) who had validated the reference intervals before applying them 
to clinical use. Two participants had established their own reference intervals (2/110). 
 
6.5 Quality control and quality assurance 
Internal quality control was predominantly performed on clinical chemistry 
instruments (75%, 76/101) and hematology analyzers (86%, 66/77). Most 
participants used two or more control material levels (Table 3).  
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Table 3: Number of quality control material levels used by the participants of 
the online survey. 
Quality control 
material  Chemistry (%) Hematology (%) 
≥2 Level 49 (48) 36 (47) 
1 Level 14 (14) 18 (24) 
Other 13 (13) 12 (16) 
No quality control 25 (25) 11 (14) 
  
Controls were run once a day, once a week, once a month, ≤4 times/year, or 
whenever maintenance was performed or reagents were changed (Table 4) In some 
cases, controls were run after reagent changes or the performance of maintenance in 
addition to monthly or quarterly internal quality control. 
 
Table 4: Frequency of the internal quality control performed by the participants 
of the survey. 
Frequency Chemistry Hematology 
1×/Day 1 2 
1×/Week 4 7 
1×/Month 28 24 
1×/Month + 1 3 
≤4×/Year 28 17 
≤4×/Year + 4 5 
Maintenance or reagent change 12 10 
Monthly and quarterly internal quality control combined with controls after 
maintenance and/or reagent changes are marked with +. 
 
The presence of specialists, as well as the “clinic” status, had little to no effect on the 
occurrence of quality control. There was, however, a connection between quality 
control management and the number of analyses conducted per week—facilities with 
a higher turnover rate tended to perform more extensive internal quality control 
(Table 5). 
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Table 5: The percentage of facilities conducting internal quality control on their 
in-clinic analyzer, as well as frequency and number of levels of quality control 
material in relation to the number of analyses performed per week. 
Analyses/ 
Week 
Number of 
participants 
performing 
internal 
quality 
controls (%) 
% of participants using 1, 
2, or 3 levels of control 
material 
Frequency for conducting 
quality control in % 
Chemistry  
3 
Levels 
2 
Levels 1 Level 
Daily/ 
Weekly Monthly Quarterly 
1–5  35/48 (73) 58 4 38 0 29 71 
6–10  25/36 (69) 52 35 13 9 39 52 
11–50  20/22 (91) 81 6 13 14 64 23 
Hematology  
   
 
  1–5  30/39 (77) 33 17 50 5 43 52 
6–10  28/33 (85) 48 22 30 12 48 40 
11–50  15/15 (100) 69 8 23 38 54 8 
 
In this study, very few veterinarians reported taking part in commercially available, 
external quality assessment programs for clinical chemistry (3/100) and hematology 
(2/83) analyzers, and none for instruments from any of the other diagnostic areas 
(urine: 0/28; coagulation: 0/8; blood gas: 0/11). As an alternative, practitioners 
reported the use of comparative testing (chemistry: 42/100; hematology: 43/83); for 
this purpose, they send samples to other clinics or reference laboratories to compare 
results. In addition, they use other means of external quality assessment that were 
not provided as an answer in the questionnaire (chemistry: 10/100; hematology: 
8/83). Many the participants stated that they do not perform any form of external 
quality assessment on their analyzers (chemistry: 46/100; hematology: 32/83). 
Regular revision of the data generated through internal quality control and external 
quality assessment (e.g., Levey–Jennings charts, checking over time if measured 
values lie within the desired range) was reported by 26/104 of the respondents. Most 
of the participants (73/104) stated that they do not process their control data. In some 
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cases (13/104), the owner relies on the manufacturer to monitor the control data and 
draw attention to worrisome tendencies or erroneous results.  
 
6.6 Testing of plausibility 
Participants were asked what kind of non-statistical quality control methods they 
apply on their hematology analyzers. It was reported by 63% (55/87) of the 
participants that hematocrit results are compared to the capillary hematocrit while 
60% (52/87) of the practices/clinics monitor automatized white blood cell differential 
counts with manual differentiation. Several participants with automatized instruments 
(17/98) stated that they prepare blood smears for (almost) every hematological 
sample, 55/98 at least when clinically indicated (e.g., values outside of the reference 
intervals), and 20/98 occasionally use smears as a control. About one-quarter of the 
participants (24/98) stated that they rarely prepare blood smears. 
 
6.7 Hygiene and biosafety management 
Forty-nine percent (68/140) of the in-clinic analyzers in this survey were reported to 
be located in a separate room. Eating and drinking were reported to be forbidden in 
51% (72/140) of the in-clinic laboratories. In most cases, the possibility of hand 
disinfection inside or near the laboratory was available (81%, 113/140), but only few 
reported that their laboratory provides a description for correct hand disinfection 
(16%, 23/140). Almost all the participants stated that the surface of their analytical 
workspace is easy to clean (94%, 132/140), but only much smaller number stated 
that there were displayed instructions on how to correctly clean and disinfect the 
workspace (13%, 18/140). Most of the participants reported using Kohrsolin® 
(95/138), soap (90/138), and/or water (90/138) in different combinations, or alone, at 
various frequencies (Table 6). In most cases, laboratory equipment (e.g., centrifuges) 
is cleaned ≥1×/week (69/138), while in some clinics/practices, the equipment is 
cleaned after every sample (5/138) or once a day (8/138). Some clinics/practices 
only cleaned equipment in the event of contamination (28/138). 
Approximately half of the participants were aware that the material handled in their 
POC laboratory might be potentially infectious (46%, 64/140). Wearing gloves and/or 
lab coats for diagnostic tasks was reported to be mandatory in 43% (61/140) and 
18% (25/140), respectively, of the in-clinic laboratories. Appropriate disposal of 
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medical waste was reported to be organized in 49% (68/140) of the practices. By 
contrast, most of the participants stated that they discard pointed or sharp objects 
into non-penetrable containers (97%, 136/140). 
 
Table 6: Frequency and means of cleaning of laboratory equipment in the 
clinics/practices participating in the survey on POC testing. 
Frequency (138) Water Soap Kohrsolin® 
After every sample 41 28 30 
In case of contamination 31 34 36 
1×/Day 15 15 28 
<1×/Day 15 27 20 
Participants could choose multiple answers. Absolute numbers are given. 
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7 Discussion 
To our best knowledge, this is the first study addressing the availability, application, 
and quality management of veterinary POC testing in Switzerland. The aim was to 
evaluate the adherence of current proceedings to existing guidelines (e.g., ASVCP 
guidelines).4 The current study demonstrates that POC laboratories are common and 
well used in Swiss veterinary facilities for clinical chemistry and hematology. 
Although practitioners show promising efforts towards enhancing the quality of their 
in-house laboratories, most practices and clinics do not currently abide by the 
standards set by the ASVCP.4 
Although the answer rate between questions varied noticeably, there was a minimum 
of 87 responses for every question to be evaluated. The answers of 192 participants 
were included. The partaking clinics and practices were considered to be 
representative regarding facility type and geographical spread (based on the number 
of questionnaires filled out in German, French, and Italian). The majority of the 
participants were from small- or mixed-animal practices, which reflects the 
distribution of veterinary facilities listed on the GST website1 as well as the results 
from an international study on quality control management.6 
POC analyzers, although also common, were reported to be less prevalent in Swiss 
veterinary practices (69%) than on an international scale, as shown in a study by Bell 
et al., where 92% of the participants had in-clinic laboratories.6 This might be 
accredited to the size of the country and the consequential close proximity of many 
veterinary clinics and practices to central laboratories. The ASVCP advises 
veterinarians to consider the use of POC testing if the presence of an in-clinic 
analyzer would accelerate diagnoses as well as therapeutic measures.4 As 
mentioned above, this might be less abundant in a densely populated country like 
Switzerland.  
In accordance with the results from the Bell study, veterinary technicians were 
reported to be responsible for diagnostic analyses as well as instrument maintenance 
in the majority of the veterinary facilities in the current study.6 The Medicines and 
Healthcare Products Regulatory Agency recommends that the personnel handling 
laboratory diagnostics should be adequately trained and their competency regularly 
assessed.15 During training, all operators should be made aware of the intended use, 
performance characteristics, limitations, and contraindications of the devices, and 
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they should learn common troubleshooting to minimize errors. Only 30% of the 
participants stated that the person responsible for laboratory testing in their facility 
had completed at least one training on the use of their respective analyzers, made 
available by the manufacturer. 
To promote the quality of laboratory diagnostics, the ASVCP recommends that SOPs 
be provided for every analyzer.4 It is crucial that every person operating a particular 
analyzer performs every step of the analytic process in the same way every time. 
This recommendation seems to be well known since SOPs were reported to be 
provided in most of the practices for hematology (88.7%), clinical chemistry (89.3%), 
coagulation (87.5%), and blood gas analyses (91.7%) instruments, and in 67.8% of 
the practices performing urinalysis. Usually, if a particular facility provided a SOP for 
one type of machine, they also would provide one each for all the equipment within 
the facility. The fact that urinalysis is performed manually, rather than automatically, 
might explain why the use of SOPs for this type of analysis were far less common. 
However, written instructions should be provided regardless of the method. 
The ASVCP states that reference intervals, should be created “de novo” or at least 
be validated, when adopted from a source.10 For example, the results of at least 20 
healthy individuals with a maximum of two results outside of the submitted reference 
intervals should be compared before the analyzer is put to clinical use.10 The results 
of the current study showed that only a small portion of the participants (23/110) 
validate the reference intervals, which means that almost 80% do not abide by the 
ASVCP guidelines on this point. However, these recommendations are not 
necessarily economical and feasible in smaller practices with a low number of 
samples. In such cases, it is reasonable for practitioners to ascertain that 
manufacturers provide reference ranges prior to equipment purchase and to instead 
adopt those reference intervals for clinical use. Accordingly, most of the participants 
(88/110) reported the use of reference intervals provided by the manufacturer. The 
ASVCP strongly advise against the use of published reference intervals.10 
Nonetheless, 19/110 participants acquire their reference ranges from the literature. 
Internal quality control and external quality assessment are important elements of 
quality management and should be conducted at appropriate intervals. Currently, 
there are no governmental regulations concerning quality assessment and control in 
POC laboratories. Moreover, the veterinary curricula provide little to no education on 
quality management and the manufacturers do not inform their clients of its 
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importance. In the current study, there seems to have been some confusion 
regarding the nature of quality assessment and quality control since a few 
participants gave contradictory answers. Five participants who stated they do not 
perform quality control also specified either how many levels of quality control 
material were used or the frequency at which it was conducted. Similar issues were 
raised in the Bell study,6 where people had trouble, or failed, to distinguish between 
the two terms when asked to write respective definitions. This calls to attention the 
gaps in knowledge and need for education regarding quality management. 
To generate adequate control data for internal quality control, it is recommended that 
at least two levels of control material be used14 at no greater than weekly intervals.4 
Almost half of the participants reported the use of at least two levels of quality control 
material for clinical chemistry (49%) and hematology (48%) analyzers and are, 
therefore, in compliance with the first part of these recommendations. However, 
controls are rarely run daily or weekly on chemistry (6%) and hematology (13%) 
instruments. The results showed a correlation between the number of analyses 
conducted per week and the frequency at which internal quality control is performed. 
This seems logical, since facilities conducting only a few analyses per week (e.g., 1–
5 analyses), would incur disproportionately high costs for weekly, or even daily 
internal quality controls. Nevertheless, a compromise must be found in such cases,12 
since neglecting quality assurance could lead to misdiagnosis and mistreatment, a 
risk that is unacceptable. The Australasian Association of Clinical Biochemists 
(AACB) published an implementation guide on POC testing, where they recommend 
a minimum of one control sample per month, ideally at a pathological level.3 Even 
with these minimal standards, only some of the participants who said they performed 
quality control are in compliance (chemistry: 44%; hematology: 53%). 
The ASVCP guidelines state that proficiency testing should be performed at least 
four times a year.4 Almost none of the responding veterinary facilities reported taking 
part in commercial external quality assessment programs for clinical chemistry (3/101) 
and hematology (2/83) analyzers. This was not unexpected since providers of such 
programs do not generally target analyzers used in the POC environment and a 
corresponding peer group is not readily available. However, many of the participants 
send samples to reference laboratories or other clinics/practices for comparative 
testing (chemistry: 42/100; hematology: 43/83). While this method has some 
disadvantages, such as the comparison of different methods, it is viewed as an 
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acceptable alternative by the ASVCP if the results are recorded and evaluated 
properly. A stable sample, tested and compared periodically, is needed to deliver 
sound information on instrument performance.4 The data, generated by control runs, 
should be stored for two years.5 They should also be reviewed regularly, checked for 
error flags, and be displayed in a graph to detect shifts or trends over time.4 Although 
most of the participants confirmed that they store the control data, only 26/104 make 
regular revisions of the data and thus comply with the ASVCP guidelines. 
For a long time, the occupational safety and health risks for veterinary staff were not 
considered to be equal to those faced by human health sector employees. Over 
recent years, this perception has been corrected somewhat due to the zoonotic 
nature of many emerging diseases.21 Safety measures must be established, and 
veterinarians and technicians need to be aware of the potential health risk they are 
subjected to when handling samples, even within the POC environment.15 Alarmingly, 
less than half of the participants in the current study were aware of working with 
potentially infectious material in their in-clinic laboratory. Accordingly, the regulations 
concerning hygiene and biosafety were reported to be occasionally neglected. 
Almost half of the participants of this study stated that eating and drinking is not 
forbidden in their POC laboratory. Also, wearing gloves or lab coats for analytic 
procedures is only obligatory in 43% and 18% of the practices. By contrast, the 
importance of hand hygiene appeared to be well known as many of the partakers 
(81%) reported the opportunity for hand disinfection inside or in the immediate 
proximity of the in-clinic laboratory. 
Governmental regulations in Switzerland demand that clinical waste, including sharps, 
must be packed, labeled, and discarded according to their classification.7 Waste from 
laboratories that might contain pathogenic microorganisms must be autoclaved 
before disposal (“Einschliessungsverordnung”).2 The presence of an in-clinic 
laboratory and the diagnostic handling of samples automatically places veterinary 
clinics and practices under these biosafety restrictions, and potentially infectious 
waste must be disposed of accordingly. This is in contrast with the situation where 
biological samples are only collected and not processed. However, this difference 
seems widely unknown. Less than half of the partaking clinics and practices (49%) in 
the present study reported discarding medical waste in a manner that complies with 
the current health and safety policy. On the other hand, the disposal of sharp objects 
is organized in an appropriate fashion in almost all the facilities (97%). 
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The preamble to the questionnaire stated that it should only be filled out by one 
person from each site; however, since the questions were answered anonymously, 
this could not be verified and represented a limitation of this study. Also, due to 
anonymity, contradictory or unintelligible answers could not be followed up and were 
therefore excluded, resulting in the loss of information. 
 
8 Conclusions 
The status quo of quality management at Swiss POC laboratories is comparable to 
data collected in an international study conducted in the United States.6 Nonetheless, 
it does not fulfill the requirements of the ASVCP guidelines. Thus, further education 
on quality assessment and control is needed. A greater prominence of this topic in 
the veterinary curricula and advanced training would contribute to increased 
awareness and knowledge concerning this matter. Additionally, it would be beneficial 
for manufacturers to provide their clients with the information and means for 
performing quality control and external quality assurance. It is important that users of 
POC analyzers know how and why they should perform quality assessment and 
control, and are informed about the costs associated with these procedures before 
purchasing POC equipment. The results of this study suggest that many of the 
participants are willing to perform quality control and assessment but are unsure how 
to proceed. Since knowledge and understanding of this matter are limited, users of 
POC analyzers need simple implementation guidance. The comprehensive nature of 
the guidelines provided by the ASVCP might reduce their impact, while an easy-to-
read quality management guide might prove to be more efficient for promoting in-
house laboratory quality in veterinary medicine. In future, the accreditation of POC 
laboratories (e.g., accreditation awarded by the SVVLD and/or GST) performing 
quality control and assessment according to the appropriate standards might 
motivate and help owners of POC analyzers to implement a reasonable and feasible 
plan for quality management in their in-clinic laboratories.  
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10 Annex 
10.1 Annex 1: Questionnaire 
1  –  In was für einer Praxis/Klinik arbeiten Sie?  
 Kleintierklinik  
 Kleintierpraxis  
 Nutztierklinik  
 Nutztierpraxis  
 Pferdeklinik  
 Pferdepraxis  
 Gemischtklinik  
 Gemischtpraxis  
 Tiermedizinisches Labor 
 Eigene Antwort 
 
2  –  Welche Art von Fällen sehen Sie vorwiegend in Ihrer Praxis/Klinik  
 Fälle zur primären Untersuchung  
 Überwiesene Fälle  
 Eigene Antwort 
 
3  –  Arbeiten in Ihrer Praxis/Klinik Tierärzte mit spezieller Ausbildung?  
Mehrere Antworten möglich 
 FVH Titel  
 Diplomierte des Amerikanischen oder Europäischen College  
 Nein, es arbeiten keine Tierärzte mit Spezialisierung in meiner Praxis  
 Eigene Antwort 
 
4  –  Führen Sie in Ihrer Praxis/Klinik Labordiagnostik mit automatisierten Geräten 
durch?  
Hinweis: Teststreifen (z.B. Urin) für die Beurteilung von Auge oder Hand-gehaltene 
Messgeräte (z.B. Glukometer) sind hier NICHT gemeint 
 Ja  
 Nein 
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5  –  Wie viele Analysen werden in Ihrer Praxis durchschnittlich pro Woche 
durchgeführt?  
 Anzahl Analysen/Woche 
Blutchemie    
Hämatologie   
Urinanalyse   
Blutgasanalyse  
Gerinnung   
 
6  –  Wer führt die Mehrheit der Laboranalysen durch?  
 Tiermedizinische/r Praxisassistent/in  
 Laborant/in  
 Tierarzt/Tierärztin  
 Eigene Antwort 
 
7  –  Haben die Laborverantwortlichen Personen noch andere Aufgaben im Praxis-
/Klinikalltag?  
 Ja, mehr als die Hälfte der Zeit sind die verantwortlichen Personen mit anderen 
Arbeiten beschäftigt.  
 Ja, aber die Laborarbeit nimmt einen grossen Teil des Arbeitstages der 
verantwortlichen Personen ein.  
 Nein, die verantwortlichen Personen kümmern sich nur um Laborangelegenheiten.  
 Eigene Antwort 
 
8  –  Steht für die durchgeführten Analysen jeweils eine Bedienungsanleitung zur 
Verfügung?  
 
Blutchemie Hämatologie Urinanalyse Gerinnung Blutgasanalyse 
Ja       
Nein       
Wird bei uns nicht 
untersucht      
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9  –  Wer ist in Ihrer Praxis/Klinik überwiegend für die Wartung der Laborgeräte 
verantwortlich?  
 Tiermedizinische/r Praxisassistent/in  
 Laborant/in  
 Tierarzt/Tierärztin  
 Hersteller  
 Eigene Antwort 
 
10  –  Wie oft wird eine Wartung Ihrer Laborgeräte durchgeführt?  
 Einmal in der Woche  
 Einmal im Monat  
 ≥ 2x im Jahr  
 < 2x im Jahr  
 Eigene Antwort 
 
11  –  Von welchem Vertreiber/Hersteller beziehen Sie Ihre Laborgeräte?  
Bitte Name/Marke Ihrer Geräte ins Feld eintragen. Andere Vertreiber/Hersteller bitte 
unter „Sonstiges“ eintragen 
 
 Klinische 
Chemie 
Hämatologie Urinanalyse Gerinnung Blutgasanalys
e 
Idexx        
Abaxis          
Scil        
Medical-
Solution  
       
Swissavans          
Sonstiges        
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12  –  Welche Dienstleistungen nutzen Sie bei dem Hersteller/Vertreiber Ihrer Geräte 
kostenlos oder gegen eine Gebühr?  
Mehrere Antworten möglich 
 Der Hersteller/Vertreiber bietet eine telefonische Service Helpline an, welche wir in 
Anspruch nehmen  
 Der Kundendienst des Herstellers/Vertreibers, hilft vor Ort bei technischen 
Problemen  
 Der Hersteller/Vertreiber bietet eine Aus-/Weiterbildung für seine Geräte an, 
welche unsere durchführenden Personen besuchen  
 Der Hersteller/Vertreiber schlägt einen Plan für die Gerätewartung vor, an welchen 
wir uns halten  
 Der Hersteller/Vertreiber stellt Testsubstanzen zur Verfügung, welche wir für 
unsere Qualitätskontrollen verwenden  
 Wir nutzen keine der oben genannten Dienstleistungen  
 Der Hersteller bietet keine der oben genannten Dienstleistungen an  
 Eigene Antwort 
 
  
 
 
28 
13  –  Welche Hilfs- und Sicherheitsfunktionen besitzen Ihre Laborgeräte?  
 
Klinisc
he 
Chemi
e 
Hämatolog
ie 
Urinanaly
se 
Gerinnu
ng 
Blutgasanal
yse 
Die Identifizierung des 
Untersuchenden ist 
obligatorisch, und muss 
erfolgen, bevor eine 
Untersuchung starten kann  
          
Die Untersuchung kann nicht 
durchgeführt werden, bevor 
Patienteninformationen 
eigegeben wurden  
          
Die generierten Daten werden 
elektronisch auf das 
Praxissoftwaresystem 
übermittelt und können in der 
Krankengeschichte gespeichert 
werden  
          
Mein Gerät besitzen keine dieser 
Funktionen            
 
14  –  Wie bestimmen Sie Ihre Referenzwerte?  
 Vom Hersteller angegebene Referenzwerte werden ohne Weiteres übernommen  
 Referenzwerte werden aus der Literatur übernommen  
 Vom Hersteller festgelegte Referenzwerte werden vor der Verwendung in unserer 
Praxis / Klinik validiert  
 Eigene Referenzwerte werden verwendet  
 Eigene Antwort 
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15  –  Wie, und bei welchen Geräten, führen Sie interne Qualitätskontrollen durch?  
Durch messen von Substanzen mit bekannten Werten, die Messgenauigkeit der 
Geräte testen 
 
Klinische 
Chemie 
Hämatologie Urinanalyse Gerinnung Blutgasanalyse 
Evaluierung durch das 
Messen von 3 oder 
mehr Testsubstanzen 
mit bekannten Werten 
(z.B. vom Hersteller 
zur Verfügung gestellt)  
     
Messen von 2 
Testsubstanzen mit 
bekannten Werten  
     
Messen von einer 
Testsubstanz mit 
bekanntem 
abnormalem Wert  
     
Messen von einer 
Testsubstanz mit 
bekanntem normalem 
Wert  
     
Wir benutzen selbst 
hergestelltes 
Kontrollmaterial  
     
Unsere Massnahmen 
sind hier nicht 
beschrieben  
     
Wir führen keine 
interne 
Qualitätskontrolle 
durch  
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16  –  Wie oft führen Sie eine interne Qualitätskontrolle durch?  
Falls Sie keine interne Qualitätskontrolle durchführen, bitte ganz unten ankreuzen 
 
Klinische 
Chemie 
Hämatologie Urinanalyse Gerinnung Blutgasanalyse 
Täglich       
Einmal in der Woche       
Einmal im Monat       
≤4x pro Jahr       
Wenn die 
Reagenzien 
ausgewechselt 
werden  
     
Nach jeder Wartung       
Wir führen keine 
interne 
Qualitätskontrolle 
durch  
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17  –  Wie, und bei welchen Geräten, wird bei Ihnen eine externe Qualitätsprüfung 
durchgeführt?  
Resultate der eigenen Maschinen werden mit jenen anderer Geräte verglichen 
 
Klinische 
Chemie 
Hämatologie Urinanalyse Gerinnung Blutgasanalyse 
Aussenden 
einer/verschiedener 
Patientenprobe/n an 
ein Referenzlabor 
um sie mit den 
eigenen Resultaten 
zu vergleichen 
(selbstorganisiert)  
     
Vergleich der 
Resultate von 
einer/verschiedener 
Patientenprobe/n mit 
anderen 
Kliniken/Praxen 
(selbstorganisiert)  
     
Die Praxis/Klinik 
nimmt regelmäßig 
an kommerziell 
erhältlichen 
Ringversuchen für 
Qualitätskontrollen 
teil (z.B. CSCQ, 
VLA; VEEQAS)  
     
Unsere 
Massnahmen sind 
hier nicht 
beschrieben  
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Klinische 
Chemie 
Hämatologie Urinanalyse Gerinnung Blutgasanalyse 
Es werden keine 
externen 
Qualitätsprüfungen 
durchgeführt  
     
 
18  –  Wie oft wird eine externe Qualitätskontrolle durchgeführt?  
Falls keine externen Qualitätskontrollen durchgeführt werden, bitte ganz unten 
ankreuzen 
 
Klinische 
Chemie 
Hämatologie Urinanalyse Gerinnung Blutgasanalyse 
Einmal in der Woche       
Einmal im Monat       
≥ 3x pro Jahr       
< 3x pro Jahr       
Wenn die Reagenzien 
ausgewechselt 
werden  
     
Nach jeder Wartung       
Es werden keine 
externen 
Qualitätsprüfungen 
durchgeführt  
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19  –  Wie werden die Daten/Ergebnisse von Kontrollen verarbeitet?  
Mehrere Antworten möglich 
 Wir machen eine regelmässige Revision der Daten um Trends und fehlerhafte 
Messungen bei den Geräten frühzeitig festzustellen  
 Die Daten werden gesammelt und nur bei Verdacht auf Probleme von Geräten 
untersucht  
 Der Hersteller überwacht die Resultate und warnt vor ungewöhnlichen Tendenzen  
 Wir verarbeiten diese Daten nicht  
 Eigene Antwort 
 
20  –  Es gibt einfache Möglichkeiten, von Hand, die Plausibilität der Resultate Ihrer 
Geräte zu testen. Welche wenden Sie an?  
Mehrere Antworten möglich 
 
 Kontrolle des Hämatokrit mittels Kapillarröhrchen und Zentrifuge  
 3er-Regel: Hämoglobin x3 ergibt circa den Hämatokrit  
 Anfertigen eines Blutausstrichs zur mikroskopischen Kontrolle der 
Leukozytendifferenzierung  
 Überprüfung der Totalproteinkonzentration mittels Refraktometer  
 Überprüfung des Urin-pH mittels Indikatorband  
 Überprüfung des Spezifischen Gewichts (Urin) mittels Refraktometer  
 
21  –  Wann machen sie einen Blutausstrich?  
Mehrere Antworten möglich 
 
 (Fast) jede Hämatologie wird mit einer mikroskopischen Untersuchung des 
Blutausstrichs kontrolliert  
 Wenn das Ergebnis der Hämatologie nicht zur klinischen Erscheinung des 
Patienten passt  
 Bei Werten ausserhalb des Referenzbereichs  
 Bei Verdacht auf Bakteriämie  
 Zwischendurch als Kontrolle  
 Wir machen selten einen Blutausstrich  
 Eigene Antwort 
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22  –  Welche Aussagen zum Thema Hygienemanagement treffen auf Ihr Praxis-
/Kliniklabor zu?  
Mehrere Antworten möglich 
 Unser Labor befindet sich in einem eigens dafür vorgesehenen, abgetrennten 
Raum  
 Essen und Trinken sind in unserem Labor strengstens untersagt  
 Es gibt innerhalb/in unmittelbarer Nähe unseres Labors die Möglichkeit die Hände 
mit Sterilium oder ähnlichem zu desinfizieren  
 In unserem Labor ist eine Anleitung für hygienische Händedesinfektion für alle gut 
sichtbar angebracht  
 Die Arbeitsfläche in unserem Labor ist einfach zu reinigen  
 In unserem Labor ist eine Anleitung für korrekte Reinigung für alle gut sichtbar 
angebracht  
 
23  –  Wie und wie oft wird die Arbeitsfläche Ihres Labors gereinigt?  
 
Nach 
jeder 
Probe 
Bei 
Kontamination 
(z.B. Blut) 
1x 
am 
Tag 
≥ 2x in 
der 
Woche 
1x in der 
Woche 
Das 
machen 
wir nie 
Reinigung mit Wasser        
Reinigung mit Seife        
Reinigung mit 
Kohrsolin oder 
gleichwärtigem  
      
Staubsaugen        
Reinigen der 
Laborausstattung (z.B. 
Zentrifuge) 
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24  –  Welche Aussagen zum Thema Biosicherheit treffen auf Ihr Praxis-/Kliniklabor 
zu?  
 In unserem Praxislabor wird mit potentiell infektiösem Material gearbeitet  
 Bei der Arbeit im Labor werden Handschuhe getragen  
 Bei der Arbeit im Labor wird Laborkleidung getragen  
 Blutrückstände, Medikamente und andere medizinische Abfälle werden in 
geeigneten Tüten und gut gekennzeichnet entsorgt  
 Kanülen und andere scharfe Abfallmaterialien werden in einem gut 
verschliessbaren, durchstichsicheren Gefäss entsorgt 
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